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Executive Summary 
This deliverable presents the second iteration of sustainability assessment, and has as objective to 
deepen the sustainable mobility indicators applied to the AVENUE demonstrator sites. This document 
is a continuation of the sustainability impact assessment, as presented in the D8.11 first iteration 
sustainability assessment. The sustainability assessment is part of AVENUE WP8, and aims to integrate 
and inter-relate the results of the social, environmental and economic impacts conducted on WP8 and 
to embed these results by applying the set of indicators for sustainability assessment of the automated 
minibuses (AM) within the AVENUE demonstrator sites.  
The study is structured in five main sections. Section 1 introduces the context of AVENUE project and 

the deployment of pilot-tests of automated minibuses, seen as a complementary mode of transport 

to be integrated into public transport. 

Section 2 contextualises the sustainability assessment, and places it into the context of the Sustainable 

Urban Mobility Plans (SUMP) and the broader WP8 framework. The section continues with an 

overview of the main results of the environmental, economic and social impact assessments.  

Section 3 is the core of this deliverable and presents the sustainable mobility indicators. The section 

provides a detailed overview of the method and the indicators, and presents a first analysis of the 

AVENUE pilot sites. The results show differences in sustainability between the pilot sites, and point 

towards possible, necessary improvements of the automated minibus service in the pilot sites. The 

section concludes with indicating differences between the current sustainability position, and the 

AVENUE goals and vision for the future.  

Section 4 provides an analysis of the impacts of the COVID-19 pandemic on urban mobility and AVENUE 

pilots in particular. It provides possible solutions to make the automated minibus service COVID-proof. 

An example hereof is the possibility to include an electronic query into the app during ordering the 

minibus, that will make sure that the bus is only used by persons that can either provide a negative 

test result or are vaccinated. 

The final section of this deliverable, section 5 provides a roadmap to the next, final sustainability 

deliverable and provides intermediate conclusions.  
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 Introduction 
AVENUE aims to design and carry out full-scale demonstrations of urban transport automation by 

deploying, for the first time worldwide, fleets of Automated minibuses in low to medium demand areas 

of 4 European demonstrator cities (Geneva, Lyon, Copenhagen and Luxembourg) and 2 to 3 replicator 

cities. The AVENUE vision for future public transport in urban and suburban areas is that Automated 

vehicles will ensure safe, rapid, economical, sustainable and personalised transport of passengers. 

AVENUE introduces disruptive public transportation paradigms on the basis of on-demand, door-to-door 

services, aiming to set up a new model of public transportation by revisiting the offered public 

transportation services and aiming to suppress prescheduled fixed bus itineraries. 

Vehicle services that substantially enhance the passenger experience, as well as the overall quality and 

value of the service, will be introduced, also targeting elderly people, people with disabilities and 

vulnerable users. Road behaviour, security of the Automated vehicles and passengers’ safety are central 

points of the AVENUE project. 

At the end of the AVENUE project four-year period, the mission is to have demonstrated that Automated 

vehicles will become the future solution for public transport. The AVENUE project will demonstrate the 

economic, environmental and social potential of Automated vehicles for both companies and public 

commuters while assessing vehicle road behaviour safety. 

1.1 On-demand Mobility  
Public transportation is a key element of a region's economic development and the quality of life of its 

citizens.  

Governments around the world are defining strategies for the development of efficient public transport 

based on different criteria of importance to their regions, such as topography, citizens' needs, social and 

economic barriers, environmental concerns and historical development. However, new technologies, 

modes of transport and services are appearing, which seem very promising to the support of regional 

strategies for the development of public transport.  

On-demand transport is a public transport service that only works when a reservation has been recorded 

and will be a relevant solution where the demand for transport is diffuse and regular transport is 

inefficient. 

On-demand transport differs from other public transport services in that vehicles do not follow a fixed 

route and do not use a predefined timetable. Unlike taxis, on-demand public transport is usually also not 

individual. An operator or an automated system takes care of the booking, planning and organisation.  

It is recognised that the use and integration of on-demand Automated vehicles have the potential to 

significantly improve services and provide solutions to many of the problems encountered today in the 

development of sustainable and efficient public transport. 

1.2 Fully Automated Vehicles 

A self-driving car, referred to in the AVENUE project as a Fully Automated Vehicle (AV), also referred to 

as Autonomous Vehicle, is a vehicle that is capable of sensing its environment and moving safely with no 

human input.   
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The terms automated vehicles and autonomous vehicles are often used together.  The Regulation 

2019/2144 of the European Parliament and of the Council of 27 November 2019 on type-approval 

requirements for motor vehicles defines "automated vehicle" and "fully automated vehicle" based on 

their autonomous capacity: 

 An "automated vehicle" means a motor vehicle designed and constructed to move autonomously 

for certain periods of time without continuous driver supervision but in respect of which driver 

intervention is still expected or required 

 "fully automated vehicle" means a motor vehicle that has been designed and constructed to move 

autonomously without any driver supervision 

In AVENUE we operate Fully Automated minibuses for public transport, (previously referred to as 

Autonomous shuttles or Autonomous buses), and we refer to them as simply Automated minibuses or the 

AVENUE minibuses. 

 

In relation to the SAE levels, the AVENUE project will operate SAE Level 4 vehicles. 

 
Figure 1. SAE Levels of driving automation 

©2020 SAE International 

1.2.1 Automated vehicle operation overview 
We distinguish in AVENUE two levels of control of the AV: micro-navigation and macro-navigation. Micro 

navigation is fully integrated into the vehicle and implements the road behaviour of the vehicle, while 

macro-navigation is controlled by the operator running the vehicle and defines the destination and path 

of the vehicle, as defined the higher view of the overall fleet management. 
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For micro-navigation, Automated Vehicles combine a variety of sensors to perceive their surroundings, 

such as 3D video, LiDAR , sonar, GNSS, odometry and other types sensors. Control software and systems, 

integrated in the vehicle, fusion and interpret the sensor information to identify the current position of 

the vehicle, detecting obstacles in the surrounding environment, and choosing the most appropriate 

reaction of the vehicle, ranging from stopping to bypassing the obstacle, reducing its speed, making a turn 

etc. 

For the Macro-navigation, that is the destination to reach, the Automated Vehicle receives the information 

from either the in-vehicle operator (in the current configuration with a fixed path route), or from the 

remote-control service via a dedicated 4/5G communication channel for a fleet-managed operation. The 

fleet management system takes into account all available vehicles in the services area, the passenger 

request, the operator policies, the street conditions (closed streets), and send route and stop information 

to the vehicle (route to follow and destination to reach).   

1.2.2 Automated vehicle capabilities in AVENUE 
The Automated vehicles employed in AVENUE fully and automatically manage the above-defined micro-

navigation and road behaviour in an open street environment. The vehicles are automatically capable to 

recognise obstacles (and identify some of them), identify moving and stationary objects, and 

Automatically decide to bypass them or wait behind them, based on the defined policies. For example, 

with small changes in its route the AVENUE shuttle is able to bypass a parked car, while it will slow down 

and follow behind a slowly moving car.  The AVENUE vehicles are able to handle different complex road 

situations, like entering and exiting round-about in the presence of other fast running cars, stop in zebra 

crossings, communicate with infrastructure via V2I interfaces (ex. red light control). 

The shuttles used in the AVENUE project technically can achieve speeds of more than 60Km/h. However, 

this speed cannot be used in the project demonstrators for several reasons, ranging from regulatory to 

safety. Under current regulations, the maximum authorised speed is 25 or 30 Km/h (depending on the 

site).  In the current demonstrators, the speed does not exceed 23 Km/h, with an operational speed of 14 

to 18 Km/h. Another, more important reason for limiting the vehicle speed is safety for passengers and 

pedestrians. Due to the fact that the current LIDAR has a range of 100m and the obstacle identification is 

done for objects no further than 40 meters, and considering that the vehicle must safely stop in case of 

an obstacle on the road (which will be “seen” at less than 40 meters distance) we cannot guarantee a safe 

braking if the speed is more than 25 Km/h. Note that technically the vehicle can make harsh break and 

stop with 40 meters in high speeds (40 -50 Km/h) but then the break would too harsh putting in risk the 

vehicle passengers. The project is working in finding an optimal point between passenger and pedestrian 

safety.  

Due to legal requirements a Safety Operator must always be present in the vehicle, able to take control 

any moment. Additionally, at the control room, a Supervisor is present controlling the fleet operations. 

An Intervention Team is present in the deployment area ready to intervene in case of incident to any of 

the mini-busses. 

1.3 Preamble 

This deliverable presents the AVENUE sustainability assessment, within the scope of WP8, the AVENUE 

sustainability assessment integrates the environmental, economic and social assessment of the trials of 

AVENUE. It adopts an interdisciplinary approach to better conduct different analyses. It also helps to 

better understand the complexity of deploying a new form of mobility in urban areas and as part of the 
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transportation system. The goal is to implement new mobility solutions that are beneficial for the city and 

complementary to public transport. For instance, the results of the social and economic assessments 

provide important insights to predict scenarios for automated vehicles and calculate direct and indirect 

costs. Even more, the Life Cycle Assessment (LCA) is a source of environmental data that could be used to 

calculate environmental externalities. In addition, the findings from the social, environmental and 

economic impact assessments are embedded in the indicators for sustainability assessment. To better 

understand the different connections, the AVENUE assessment framework is presented in Figure 2. 

The framework describes three major axes: first the data input, methods and analysis; second the social, 

economic, environment and sustainability assessments, and the connections with other Work Packages 

tasks.  

 

 
Figure 2. Framework for WP8 AVENUE sustainability assessment 

 

Chapter 2 of this deliverable contextualises the sustainability assessment and places it into the context of 

the Sustainable Urban Mobility Plans (SUMP). SUMPs are a cornerstone of European transport policy and 

are an important planning tool for municipalities and authorities in the EU. After an introduction of the 

SUMP concept and a critical review of the automated minibus service in the wider SUMP context, this 

section depicts the alignment of the AVENUE project and the SUMP concept. This alignment is constructed 

through a mutual embracement of new and alternative modes of transport and new concepts as Mobility 

as a Service (MaaS), integrated and shared mobility, multi and intermodal mobility. In a second major part 

of chapter 2, we contextualise this deliverable in the broader WP8 framework and will conclude with an 

overview of the main results of the environmental, economic and social impact assessments. 

The third chapter details the methodology and presents intermediary results of the set of indicators for 

sustainability assessment of the automated minibuses according to the pilot sites. The fourth chapter 

brings considerations about the impacts of the Covid-19 pandemic on mobility, and on the deployment of 

automated minibuses. The fifth chapter presents an outlook for further research on the sustainability 

assessment of future mobility systems. 
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 The AVENUE approach to 

sustainability assessment 
This chapter outlines the AVENUE sustainability assessment, starting with central concepts and the applied 

framework. In section 2.2 an overview is provided of the main results of the other tasks of AVENUE WP8: 

insights from the environmental impact assessment, the economic impact assessment and the social 

impact assessment.  

2.1 Concept and framework for assessing and 

planning sustainable urban mobility 

2.1.1 SUMP as a framework 
The concept of the Sustainable Urban Mobility Plan (SUMP) aims at a ‘new planning paradigm’ in mobility, 

which comprehends a shift from planning for motorised roads and infrastructure to planning for people 

(Arsenio et al. 2016). SUMP’s approach has been widely recognised, targeting sustainable and integrative 

planning processes to deal with the complexity and dynamicity of urban mobility (Eltis 2020). Hence, it 

embraces new modes of transport, e.g. micro-mobility, automated and connected vehicles, and new 

concepts as Mobility as a Service (MaaS), shared mobility and so on. 

The concept of SUMP comprehends the integration of all modes of transport, public and private, 

motorised and non-motorised and a long-term planning vision. It targets to improve mobility accessibility, 

sustainability and citizens’ well-being (European Commission 2013).  

SUMP is defined as: 

 

“a strategic plan designed to satisfy the mobility needs of people and businesses in cities and their 

surroundings for a better quality of life. It builds on existing planning practices and takes due 

consideration of integration, participation, and evaluation principles.” (Rupprecht Consult 2019) 

 

And it is guided by eight principles (Chinellato and Morfoulaki 2019): 

1) Aim of sustainable mobility for the ‘functional urban area.’; 

2) Assessment of current and future performance; 

3) Long-term vision as well as a clear implementation plan; 

4) Development of all transport modes in an integrated manner; 

5) Cooperation across institutional boundaries; 

6) Involvement of citizens and relevant stakeholders; 

7) Arrangements for monitoring and evaluation; 

8) Quality assurance. 

 

Further, SUMP provides general guidelines for planning and implementation. It is composed of four main 

phases: i) Preparation and context analysis; ii) Strategy development; iii) Measure planning; iv) 

Implementation and monitoring.  
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SUMP has been implemented in a number of cities and countries and in diverse settings. For instance, in 

the city of Koprivnica, Croatia, the municipality carried out a status analysis of its mobility situation; for 

this, an extensive consultation process engaged a range of stakeholders and a public survey (Mobility Plans 

n.d.). In Cambridgeshire, UK, the Local Transport Plan (LTP) 2011 – 2026 defined indicators and targets to 

monitor progress towards the plan’s objectives, which were aligned with the long-term strategy for 

transport (ibid). 

Mück et al. (2019) describe the living labs as an innovative approach to foster sustainable mobility 

planning in Munich. Such living labs aim to demonstrate innovative solutions on mobility, to provide user 

experiences and to reduce potential gaps between long term urban planning and the current development 

of mobility in the city (ibid).  

Sampaio et al. (2020) carried out an economic and environmental analysis of measures from a SUMP in a 

small-sized city. The study compared the transport emissions and external costs of the baseline scenario 

with the status after the SUMP measures were implemented. The measures consisted of (M1) promoting 

cycling, (M2) modernisation of the local fleet, (M3) trucks logistic optimisation. According to the study, all 

measures presented a potential to reduce emissions, in particular the modernisation of the local fleet, 

with a potential reduction of CO2 emissions by 9% and the reduction of external costs by 11%. 

The study from Arsenio et al. (2016) reviewed a sample of forty case studies of SUMPs in Portugal, focusing 

on climate change goals and equity issues on accessibility. The main findings point that SUMP guidelines 

remain very broad and general, and there is an absence of specific guidance. For instance, there are gaps 

of guidance on methods to account for GHG emissions and monitoring indicators to measure the progress 

in different issues.  

Such examples illustrate the SUMPS adoption and implementation in different phases: decision and 

planning, developing vision and strategies with stakeholders, setting targets and indicators, assessing the 

impacts of measures. Although, as mentioned by Arsenio et al. (2016), the next SUMP generations may 

address more specific guidance and methods to strengthen SUMP’s implementation. 

2.1.2 SUMP concept and the AVENUE project 
The AVENUE project aims at deploying automated minibuses as an innovative and safe mobility solution 

to strengthen the public transport system of European cities. The automated minibus is electric and 

shared, and it is expected to improve accessibility, attractiveness and environmental performance of 

public transport (flexible on-demand, door-to-door services) to fill gaps in mobility and foster multi and 

intermodal mobility. The scope of the project also aims to critically assess the impacts of the introduction 

of these new technologies in the urban mobility system. The assessments investigate the potential 

environmental and climate emissions impacts, social acceptance of users and potential users, business 

model scenarios and economic impacts, safety and security issues, the development of regulations, 

standards and policies for AVs.  

AVENUE project and the SUMP concept are aligned by embracing new and alternative modes of transport 

and new concepts as Mobility as a Service (MaaS), integrated and shared mobility, multi and intermodal 

mobility. Such innovations could support the future shift from private car and individual trips to on-

demand public transport and shared rides. 

Furthermore, the AVENUE social, environmental and economic impact assessments will provide key 

findings to guide the integration and implementation of AV in the urban mobility system while endorsing 

the sustainable planning, strategies and goals of cities. The assessments studies are important to support 

a long-term vision, design and planning of mobility. Although the pilot projects are deployed on a small 
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scale and with a technological focus, aspects of being strengthened are the citizens' participation (e.g. 

citizen forums, discussions), as well as the active participation and partnership with the local municipality. 

Moreover, the integration of automated minibuses in public transport has to be done accordingly to the 

specificities of each territory, the different mobility needs, aiming to cover real gaps in mobility to a real 

contribution to better accessibility, affordability and environment-friendly mobility. Further, the 

outcomes from the sustainability assessment and other WP8 tasks are building blocks for WP9, which will 

deliver strategies, recommendations and roadmap for AVs on public transport coupled with Intelligent 

Transort Systems (ITS) and MaaS. 

Finally, by aiming a transition towards a greener and sustainable transport, it is crucial that AVs 

deployment to be consistent with the Sustainable Development Goals (SDG’s), namely, SDG 9 targeting to 

build resilient infrastructure and foster innovation, SDG 11 on sustainable cities and communities and SDG 

13 Climate Change (United Nations 2015). 

2.1.3 AVENUE sustainability assessment framework  
Automated minibuses for public transport are expected to contribute to sustainable urban mobility. By 

combining automated, connected, shared, and electric technologies, the automated minibuses could 

improve transport accessibility, efficiency and reduction of greenhouse gases (GHG) (Jones and Leibowicz 

2019). They have the potential to play a role in a shift from vehicle ownership to shared mobility services 

(Shaheen and Chan 2016) and to reduce transport externalities (Lim and Taeihagh 2018). Nonetheless, 

one cannot take for granted that the deployment of innovation and new technologies per se will 

contribute to sustainable mobility. It rather depends on certain premises, planning and policies to frame 

the automated minibuses deployment. 

The study from Taiebat et al. (2018) points main gaps concerning connected and automated vehicles 

impacts; for instance, the net effect of AVs technology on energy consumption and emissions in the long 

term remains uncertain. In addition, the broader society-level impacts and behavioural changes 

associated with AVs are also unclear. The study highlights that the ‘synergetic effects of vehicle 

automation, electrification, right-sizing, and shared mobility are likely to be more significant than anyone 

isolated mechanism’.  

AVs, especially for private use, could lead to an increase in vehicles kilometres travelled (VKT), reductions 

of the public transport and slow modes share (Soteropoulos et al. 2019). Whereas shared automated 

vehicles (SAV), when considering a high share, could reduce the number of vehicles for the current travel 

demand, result in less parking and more space in the cities (ibid). Yet, it is worth noting that the results on 

impact assessment for AVs strongly dependent on model assumptions (Soteropoulos et al. 2019).  

The integration of automated minibuses into the public transport of European cities also raise questions 

regarding their potential benefits and critical points to contribute to the sustainable urban mobility plan 

(SUMP) and goals towards sustainable mobility of the cities. 

Hence, the goal of the sustainability assessment is to integrate and inter-relate the results of the social, 

environmental and economic impacts conducted on WP8 and to embed these results by applying the set 

of indicators for sustainability assessment of the automated minibuses within the AVENUE demonstrator 

sites. The SUMP and externalities concepts are also building blocks for the sustainability assessment. In 

addition, the study reports the impacts of Covid-19 on mobility and the deployment of the automated 

minibuses within AVENUE. 

Figure 3 summarises the research questions guiding the study, the methods to address those questions 

and respective chapters. 
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Figure 3. The AVENUE sustainability assessment approach 

 

The next subsections summarise the main social, environmental and economic impacts associated with 
automated minibuses (WP8) are summarised. The analysis is grounded on real-world data from the pilot 
test in the four European cities: Geneva, Lyon, Luxembourg and Copenhagen.  

2.1.3.1 Indicators for sustainable mobility assessment 

By aiming to achieve sustainable mobility, indicators are used to measure performance and progress 

towards established goals and objectives (Litman, 2007). Urban sustainability indicators are fundamental 

to support target setting, performance reviews and to enable communication among the policymakers, 

experts and general public (Shen et al. 2011; Verbruggen, H., Kuik O. 1991). 

Hence, a set of indicators is applied for the sustainability assessment of the deployment of the automated 

shuttles in AVENUE pilot sites. The set of indicators was presented on D8.11 First Iteration Sustainability 

Assessment and the final version on the article of Nemoto et al. (2021). 

Chapter 3 details the indicators and presents preliminary indicators’ radar for the pilot sites of Groupama 

(Lyon), Contern (Luxembourg), Pfaffenthal (Luxembourg), Nordhavn (Copenhagen) and Ormoya (Oslo). 

2.1.3.2 Externalities concepts and applications to support sustainable mobility 

Mobility Externalities represent the costs incurred by a third party and not borne by transport users. The 

negative externalities could help draft targeted public policies (i.e., urban planning and urban mobility 

policies) that addresses the negative effects of the transportation system (Chatziioannou et al. 2020). 

Using external cost estimates as a part of cost-benefit analysis help weigh in the benefits and drawbacks 

of introducing new policies or new forms of mobility such as automated minibuses (Jochem, Doll et 

Fichtner 2016). This tool relies on interdisciplinary assessment to monetise impacts such as air pollution, 

climate change, accidents, and congestion (European Commission 2003). These impacts have always been 

associated with the transportation system. The development of such systems plays an important role in 

government policies because transportation planning has overlapping effects on society. Thus, it should 

reflect potential negative externalities (Shiftan, Kaplan et Hakkert 2003). The internalisation of 

externalities leads to increased efficiency and reduction of negative effects of transportation. According 

to van Essen H.P. et al. (2008), the internalisation of these effects means incorporating them to transport 

users' decision-making process. 

Policymakers seek to reduce the reliance on ICEV (Fagnant and Kockelman 2015; Anderson et al. 2014; 

Dacko and Spalteholz 2014; Gärling and Schuitema 2007; Mourad et al. 2019; World Business Council for 
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Sustainable Development 2015; TUMI 2021; European Commission 2021). The introduction of new modes 

of transport lead by electrification and automation technology presents a potential shift from traditional 

and unsustainable mobility. The study of externalities leads to customised policies that address the 

specification of these technologies and the context of deployment (Buehler et al., 2017). The assessment 

depends on planning potential future scenarios of deployment and estimating the avoidance costs (of 

externalities), which present imputed costs of limiting the environmental damage by reducing the use of 

individual transport (OECD 2001; United Nations 1997). The avoidance costs (or savings) indicate if the 

specific scenario is recommended for future mobility. The scenario is imagined based on driving forces 

such as the development of the AV technology, the existing urban and mobility policies, and the modal 

shifts due to the minibuses (Krueger and Rashidi 2016). Thus, the externalities could orient policymakers 

towards the scenario to adopt and how to further reduce the environmental deterioration of the transport 

sector. For instance, travel demand management (TDM) could rely on these insights. 

The TDM measures are:  

- Measures with push effects: to restrict the travel demand for individual vehicles such as car 

limited zones, car bans, speed limits, and road pricing 

- Measures with pull effects: to attract more users for public transport and active mobility such as 

park and ride, more frequent services, and biking lanes  

- Measures with push and pull: focuses coordinated actions to reduce individual mobility and 

promote sustainable mobility, such as raising awareness through marketing campaigns and 

reassignment of road space (TUMI 2018). Other measures could be increasing mobility 

attractiveness by higher flexibility, on-demand services, and lower costs. 

Moreover, other internalisation measures could help counterbalance the external costs. Trading 

emissions limits greenhouse gas emissions, such as the Cap & Trade scheme, where a limit is set for 

emissions with tradable emission rights. Also, Policy Packaging is a way to set taxes to balance the external 

costs like fuel taxes and road pricing. Another measure is the use of revenues (e.g. from policy packaging 

taxes) to make users accountable for the externalities they produce. The revenues will be directed towards 

new infrastructure or improving public transport services as long as the pricing reform is conducted to 

increase efficiency and equity and is public acceptable (van Essen H.P. et al. 2008).  

2.2 Insights from AVENUE research 
As part of the WP8, the sustainability assessment considers the main findings stemming from the three 

pillars and their deliverables1: 

 8.1 Environmental impact assessment, which presents the Life Cycle Assessment of the 

automated minibuses and their potential impacts considering different scenarios. 

 8.2 Economic impact assessment, based on Total Cost of Ownership (TCO) and Total Cost of 

Mobility (TCM) approaches, and externalities cost calculations. 

 8.3 Social impacts assessment, which conducts assessments based on surveys with potential users 

and users, investigates social acceptance of the AM, service attractiveness, user experience and 

willingness-to-use. 

As the fourth pillar, the 8.4 Sustainability assessment conceptualises (as presented in the D8.11 First 

Iteration Sustainability Assessment) and applies a set of indicators to assess the social, environmental, 

economic, governance, and technical impacts of the automated minibuses. The sustainability assessment 

                                                           
1 AVENUE deliverables and publications at https://h2020-avenue.eu/public-delivrables/ 
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also comprises the SUMP concept related to automated driving and the automated minibuses for public 

transport.  

Next, the main findings from the social, environmental and economic impact assessment are summarised. 

2.2.1 Main findings from the environmental impact assessment  
The Life Cycle Assessment study pointed to the following main parameters influencing the environmental 

and climate impact of the automated minibuses: electricity mix for the use phase and component 

production, vehicle lifetime, vehicle lifetime mileage, and the average passenger occupancy (Viere et al. 

2021). 

The climate impact of the current demonstrator cases is significant in the manufacturing phase. However, 

when considering future use cases (with increased vehicle lifetime, increased total mileage, etc.), the use 

phase becomes the most important climate contributor. This is due to the passenger-kilometre (pkm) 

contribution of the manufacturing, assembly and end-of-life phase diminishes due to higher overall pkm. 

Further, within an ideal future use case scenario, those phases gain in importance because of increased 

vehicle energy efficiency and the use of renewable electricity for charging it. 

The comparison of the automated minibuses with other modes of transport shows that the climate 

impacts of the current demonstration cases (pkm) are significantly lower than those of a diesel bus but 

much higher in comparison to most other means of public transport. However, in the near future, the 

automated minibuses are expected to perform better than all other means of transport at off-peak and 

better than all individual vehicles at average operation. Compared to other public transportation vehicles’ 

peak and average operation, the automated minibuses are on similar levels.  

One point to be further explored is the energy consumption impacts of the automated minibuses by 

considering that AVs have a higher energy consumption compared to conventional vehicles (due to 

sensors, communication, digital infrastructure, etc.). On the other hand, energy savings from connectivity, 

optimisation of fleet operations, intersection V2I, platooning, eco-driving could offset the vehicle energy 

consumption. 

2.2.2 Main findings from the social impact assessment  
This section summarises the main findings from AVENUE social impact assessment  that aims to assess the 

mobility needs, social acceptance of and attitudes towards the automated minibuses and their services 

(Korbee et al. 2021).  The intermediate findings below are based on a qualitative study among potential 

users (n=8), a qualitative study among safety operators in the shuttles (n-8), a quantitative survey among 

potential users (n=871), and a quantitative survey among actual users (n=68) of the automated minibus 

survey in Copenhagen. 

Currently, there is no acute need for the complete substitution of current public transport offers nor for 

the other transport means (i.e private cars) in the perception of citizens. The automated shuttles could 

provide an additional service, to increase the use of public transport by providing a solution for the first-

and-last mile. The automated minibuses are expected to offer higher temporal and local flexibility, less 

waiting time, and cheaper transportation offer. Therefore, the automated minibus is primarily perceived 

as a possible solution for the current gaps in public transport offers, but only if it highly fulfils these 

benefits. 

The majority of the potential users interviewed in the AVENUE cities have not yet taken a clear position 

towards automated minibus, but they tend towards a positive, receptive (goodwill) attitude. Overall, there 

is a high willingness to use the automated minibus service. The results show that willingness to use the 

automated minibuses increases if an on-demand service is provided and that people are only interested 
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in changing their mobility behaviour if it provides additional temporal and spatial flexibility. It is however, 

not clear whether a ‘full’ on-demand, door-to-door service is necessary to increase the acceptance and 

use of the automated minibus service. This is a topic that is currently assessed in the social impact 

assessment.  

The user survey shows a high satisfaction with the provided service in Nordhavn, Copenhagen. However,  

the majority of users did use the automated minibus at random, motivated by spontaneous interest and 

curiosity. The use is rarely planned. Thus, even though users are satisfied and state that they are willing 

to use the service again, the lack of an acute need for better alternatives prevents regular use. However, 

even attracting ‘random’ user in the pilot sites, has a positive effect on the acceptance of automated 

minibus services, as real experience in the automated minibus has a positive effect on the trust in the 

system. A comparison of the results of the quantitative survey with potential users and the quantitative 

survey with users in Nordhavn (Copenhagen) shows that user experience is an important factor to reduce 

the perceived concerns and to increase acceptance of the automated minibus. 

2.2.3 Main findings from the economic impact assessment  
Based on the results presented in the second iteration of the economic deliverable and on the WP2 

stakeholder analysis, in a first step, the economic impact assessment defines, describes, and analysis four 

business scenarios of mobility systems for the integration of the automated minibuses:  

i) PTO centred ecosystem: focuses on public transportation mobility system.  

ii) Automotive centred ecosystem: focuses on the private car and indivisual mobility.  

iii) New Mobility Provider centred Ecosystem: considers the potential effects of robotaxis as a car-

sharing fleet on mobility as well as cities . 

iv) Customer/Citizen Centred Intermodal MaaS centred Ecosystem: focuses on the automated 

minibuses in an integrated transport system and MaaS, it is called AM in ITS. In this context, the AM is 

deployed for the first and last miles and to fill mobility gaps. 

The first (medium term) and two last scenarios specifically (long term perspective) are the backbone for 

the WP9 analysis and will be deepen later.  

In a second step, the Internal costs simulation tool (EASI-AV© - available on the Avenue website2) was 

designed with the objective of helping policy makers in cities, regions, Public Transport Operators (PTOs), 

and others interested stakeholders that may wish to implement services with Autonomous Vehicles for 

collective transport (e.g.: private corporate sites or university/hospital campuses). The tool is composed 

of independent but complementary analysis, that can provide decision-makers with: a fleet size 

dimensioning tool; comparative service cost analysis; comparative local external cost analysis; total cost 

of the service; comparative revenue analysis; net present value calculation. 

The preliminary results show that the cost per passenger/km for the current demonstrators are still higher 

in comparison to traditional public transport offerings. The AVENUE average calculated price is 1,07 Euros 

per passenger/km. This result endorses the findings by Henderson et al. (2017) in their feasibly study for 

a shuttle-service trial in Ohio State University Campus, where the authors also concluded that the 

automated shuttle is indeed currently not cost-effective relative to traditional buses.  

However, as technology and legislation evolve, it is expected that in the coming years, an on-board safety 

driver will no longer be needed (which will drastically reduce the costs with personnel), among other 

expected costs reduction. This is in line also with the findings of the social assessment as it shows 

passengers are willing to use the automated minibuses without safety-drivers. 

                                                           
2 EASI-AV©: https://h2020-avenue.eu/avenue-economic-calculator/ Accessed on June 30th, 2021. 
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Current economic affordability barriers for the transport operators to deploy the automated minibuses as 

presented in the economic deliverable are related to (Antonialli et al. 2021):  

- elevated costs with feasibility studies and legal;  

- required investments on infrastructure works and road adaptations (e.g. V2I intersections, 

adaptations of roads and traffic signs, adaptation and construction of stops);  

- short vehicle life-cycle and high annual depreciation;  

- high operational costs due to onboard safety drivers. 

In a third step, the externalities methodology, boundaries, limitations and assumptions for the estimations 

of the marginal costs are explained. The impacts that are considered for monetisation are also detailed. 

Then, the marginal costs for the modes of automated minibuses are defined. To further support the 

model, the economic deliverable included a fleet calculator that estimated the fleet size needed to replace 

different modes of transportation with the on-demand automated minibuses. Furthermore, in the second 

iteration of the economic deliverable an example of externalities calculations applied to a scenario was 

included. The case study in Geneva was about replacing the future increase in transport demand for 

individual vehicles with automated minibuses. The calculations showed potential high avoidance costs of 

around 6000 million euros with the lion’s share going to the congestion costs (Antonialli et al. 2021). 
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 Sustainability assessment of the 

AVENUE demonstrator pilot sites 
This section applies the set of indicators (Table 1) presented on D8.11 First Iteration Sustainability 

Assessment and the final version of the article of Nemoto et al. (2021). Further, it presents a preliminary 

radar for sustainability assessment of the automated minibuses based on data from the demonstrator 

pilot sites of Groupama (Lyon), Contern (Luxembourg), Pfaffenthal (Luxembourg), Nordhavn 

(Copenhagen) and Ormoya (Oslo). The assessment comprehends the mobility multi-dimensions: social, 

environmental, economic, governance and system performance. Based on data availability, 13 out of 20 

indicators are assessed in this preliminary version. 

 

Table 1. Set of indicators for sustainable mobility assessment of shared automated electric vehicles from 

Nemoto et al. (2021). 

  Multidimensions 

Indicators Unit and methods of measurement S En Ec G SP 

Accessibility 

• Percentage of the city (area) coverage by the AM service               

• Percentage of the population that has convenient access (within 

0.5 km) to the AM service 
         

• AM digitally accessible (e.g. via apps)           

Accessibility for people 

with reduced mobility 

• External environment facilities 

   e.g., stops adaption for impaired/disabled people; tactile 

surfaces information 

• Internal environment facilities 

   e.g., audible warning equipment for visually impaired people; 

facilities for wheelchair users 

          

• Usability of the SAEV by people with reduced mobility (PRM) 

• Rating of users with reduced mobility concerning the AM 

experience 

          

Safety 

•  Risk factor and number of accidents related to the AM (mild 

injuries, serious injuries, fatalities) considering internal risk 

(related to passengers) and external risk (related to other road 

users, pedestrians and cyclists) 

  

      

  

Security 

• Number of criminal occurrences; nr/year           

• Number of cybersecurity threats or attacks; nr/year             

Passenger's 

affordability 

• The price of the ride on the AM  
  

  
  

    

User acceptance 

• User's perception about the readiness of the technology 

• User's willingness to pay 

• Safety feeling 

• Security feeling  

    

    

  

User satisfaction 

• User rating concerning AM experience (comfort, speed, 

punctuality, information, frequency, connection to other means 

of transport) 

    

    
  

Energy efficiency • Energy consumed for passenger per km (kWh/pkm)            

Renewable energy 
• Use phase: Energy source and percentage of renewable energy 

sources (%)  
    

      

Air pollution 
• AM emissions of air pollutants: 

PM levels (ug/m3), NOx, CO emissions     
    

  

Climate change  
• AM GHG emissions:  CO2, N2O, CH4   

    
    

  

Noise pollution 
• AM traffic noise (dB) 
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Investments on mobility  

• Public and private annual average investment on transport 

concerning automated vehicles (Euro/year), e.g.  infrastructure, 

operational expenditures (cost of personnel, software system, 

etc.), investments in the vehicle R&D 

      

    

Economic incentives for 

SAEV and sustainable 

mobility  

• Incentives and subsidies for automated and sustainable 

mobility, e.g., shared, electric, automated, zero-emission, 

vehicles (Euro) 
      

    

Economic profitability 

• TCO (Total Cost of Ownership), TCM (Total Cost of Mobility),  

Cost/km/passenger, revenues (ticketing from passengers, 

subsides from authorities and companies), and payback period 

  

  
  

    

External costs related 

to the AS 

• AM impacts on congestion avoidance, accidents reduction, 

noise reduction, air pollution (PM, NOx) reduction, QALY 

(quality-adjusted life years) reduction, land/parking reduction, 

vehicle savings 

      

  

  

Institutional 

development and 

innovation 

• Existence of  policies and regulations concerning automated 

vehicles 

• Regulations for open data and/or APIs for transport 

    

      

Technical performance 

and reliability 
• AM performance: 

. travel time: speed, frequency of departure or response speed for 

on-demand, travel-matching, punctuality.    

. on-demand availability 

. percentage of operational service 

. performance on different seasons/weather 

. vehicle occupancy (average passenger per km travelled) 

. the average lifetime of the vehicle  

. number of disengagements in the urban environment, number of 

km driven autonomously 

    

    

  

System integration and 

efficiency 

• AMV integration with mobility platform of the operator 

(planning, reservation, booking, billing, digital ticketing) 

• System and data interoperability and the existence of open data 

for the AM (access, static and/or dynamic real-time data, 

diffusion format, data quality, and open APIs for transport) 

• Intermodality: AM integration with other public or private 

means of transport or with a multi-modal platform for one 

intermodal trip (planning, reservation, booking, billing, digital 

ticketing) 

    

    

  

Changes in total 

kilometres travelled in 

the transportation 

system 

• Changes in per capita vehicle travelled induced by automated 

vehicles 

• Transportation demand management measures introduced 

congestion pricing, biking lanes, zoning measures, land-use 

policies   

  

  

 

Acronyms 

AM: automated minibus 
APIs: Application Programming Interfaces 

dB: decibel 

Ec: economic 

En: environment  

G: governance 

Nr/year: number per year 

NOx: nitrogen oxides 

Pkm: per kilometre 
PM: particular matter 

PRM: people with reduced mobility 

QALY: quality-adjusted life years 

R&D: Research and Development 

SAEV: shared automated electric vehicle 

S: social 

SP: system performance 

TCM: Total Cost of Mobility 

TCO: Total Cost of Ownership 

 

3.1 Description of the indicators and methods 

The following guidelines provided the basis to develop and adapt the methods for the indicators in this 

deliverable: 

-  ‘Sustainable Urban Mobility Indicators – SUMI’ by the  (European Commission 2020b) 

- ‘Methodology and indicator calculation method for sustainable urban mobility’ by the (World 

Business Council for Sustainable Development 2015). In this document, based on the indicators 

and methods, a mobility radar is built to represent the assessment of the cities mobility system. 
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Hereinafter, for each indicator we present a definition, parameter, description of the methodology, scale 

(min and max), and examples of the indicator value within a range from 1 to 5 – with 1 for the worst 

performance and 5 for the best performance. 

The normalisation step adjusts all indicators into a common scale (Saisana et al. 2019). The method of 

normalisation chosen is the re-scaling (EU Science Hub 2016) - defining max and min scale – and in some 

cases, categorical scales for more conceptual assessment (EU Science Hub 2016) – which defines 

categories - for instance, system integration and MaaS level. 

The disaggregated indicators reveal the strengths and weaknesses of each mobility indicator (World 

Business Council for Sustainable Development 2015). As graph representation, the radar (also known as 

spider chart) enables easy communication and visualisation of the results and comparison among case 

studies. 

3.1.1 Social acceptance 
Definition: potential users’ opinions, positionings and attitudes towards the automated minibuses. 

Parameter: average rating reported concerning the i) willingness to use automated minibus; ii) perception 

about the readiness of the technology; iii) willingness to pay; iv) safety and security feeling. 

Methodology: AVENUE representative survey and users’ survey. The questions presented a scale from 1 

to 5, with 1 corresponding to very low acceptance and 5 to very high acceptance. For more details, refer 

to appendix A and D8.7 Second Iteration Social Impact Assessment.  

Scale:  

1 = very low acceptance 

5 = very high acceptance 

Calculation: 

 
Obs: Example of Nordhavn (Copenhagen) 

Sources: Korbee et al. (2021), D8.7 Second Iteration Social Impact Assessment. 

Social acceptance

Indicator value 3,59

Willingness to use the automated minibus 1 5

Parameter value: 3,94 min scale max scale

Indicator value 3,94 1 5

Perception about the readiness of the technology 1 5

Parameter value: 2,69 min scale max scale

Indicator value 2,69 1 5

Willingness to pay 1 5

Parameter value: 2,79 min scale max scale

Indicator value 2,79 1 5

Safety feeling 1 5

Parameter value: 4,09 min scale max scale

Indicator value 4,09 1 5

Security feeling 1 5

Parameter value: 4,43 min scale max scale

Indicator value 4,43 1 5
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3.1.2 User satisfaction 
Definition: users’ experience, satisfaction and perceptions on-board the automated minibuses. 

Parameter: average rating satisfaction reported concerning the automated minibuses speed, comfort, 

punctuality, information, frequency of service, connection to other means of transport, and satisfaction 

with the last ride. 

Methodology: AVENUE users’ survey. The questions presented a scale from 1 to 5, with 1 for very poorly 

rated and 5 for very good rate. For more details, refer to appendix B and D8.7 Second Iteration Social 

Impact Assessment. 

Scale:  

1 = very poorly rated/very dissatisfied 

5 =   very good rated/very satisfied 

Calculation: 

 
Obs: Example of Nordhavn (Copenhagen) 

Sources: Korbee et al. (2021), D8.7 Second Iteration Social Impact Assessment. 

3.1.3 Safety 
Definition: risk factor calculated based on the ‘fatalities of active modes users in traffic accidents in the 

city in relation to their exposure to traffic’ (European Commission 2020b). In this context, it accounts for 

internal or external fatalities directly related to the automated minibus in relation to traffic exposure. 

Parameter: Fatalities per billion passenger-km 

Methodology: Risk factor calculation adapted from SUMI methodology (European Commission 2020b): 

RF = K/Exp 

RF = risk factor for the automated minibus 

K = number of fatalities 

Exp = exposure, defined as passenger km (in billion). 

Scale: adaptation scale from SUMI (European Commission 2020b). 

1= 2,5 fatalities per billion passenger-km 

5= 0 fatalities per billion passenger-km 

Calculation: 

 
Obs: Example of Ormoya (Oslo) 

Source: SUMI (European Commission 2020b), European Union Agency for Railways (2020). 

3.1.4 Passenger affordability 
Definition: Transportation affordability refers to ‘household’s ability to purchase basic mobility within its 

limited financial budget’ (Litman 2021). Therefore, in this study, the price of the ride on the automated 

minibus is assessed.  

Parameter: costs (Euro) passenger-km for passengers 

Methodology:  

User satisfaction

User rating concerning the ride experience 1 5

Parameter value: 3,96 min scale max scale

Indicator value 3,96 1 5

Safety

Internal and external risk factor 1 5

Parameter value: 0,00 min scale max scale

Indicator value 5,00 2,5 0
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range of price to compare the price of the ride in the automated minibuses with others modes of 

transport. Currently, the ride in the automated minibuses is free of charge in all sites. 

Scale: the scale range considers the costs (Euro)/ passenger-km for bus, minibus, car and van according 

to the study from  (Bösch et al. 2018) and free of charge modes of transport.  

1= 0 euro pkm  (free of charge) 

5= 1,25 euros pkm (approximation from the price of a driver-operated taxi) 

Calculation: 

 
Obs: Example of Pfaffenthal (Luxembourg) 

Sources: Bösch et al. (2018),  Antonialli, Mira-Bonnardel and Bulteau (2021) within the D8.4 Second 

Iteration Economic impact (Antonialli et al. 2021). 

3.1.5 Climate Change 
Definition: greenhouse gases emitted by the EASB shuttle per passenger-km 

Parameter: gCO2 eq/pkm 

pkm = passenger kilometres, a metric of transport activity: when a single passenger travels a single 

kilometre, the result is 1 pkm of travel. 

gCO2eq = grammes of CO2 equivalent. 

Methodology:  the LCA study (section 2) provided the GHG emissions (gCO2 eq/pkm) for the EASB.  

The scale was developed based on values reported on the average GHG emissions of different modes of 

transport on a well-to-wheel basis by the International Energy Agency 2020) and the LCA study from the 

AVENUE project (Huber et al. 2019). Those studies comprehend the GHG emissions (gCO2eq/pkm) for 

two/three-wheelers, buses and minibuses, small/medium and large vehicles as individual transportation 

or public transport. Following these references, emissions levels equal to or higher than 300 CO2eq/pkm 

are defined as maximum scale. 

Scale:  

1 = ≥  300 gCO2eq/pkm 

5 =  0 gCO2eq/pkm 

Calculation: 

 

Obs: Example of Contern (Luxembourg) 

Sources: Huber et al. (2019), International Energy Agency (2020) 

3.1.6 Renewable energy 
Definition: use of renewable energy for the mode of transport. 

Parameter: percentage of renewable energy in the use phase of the mode of transport. 

Methodology: the measurement takes into account the use of renewable fuels according to the energy 

sources for the mode of transport. The automated shuttle is a battery electric vehicle (BEV). Therefore, 

the electricity mix of each country may influence the percentage of renewable energy used in the vehicle 

use phase. 

Passengers' affordability 1 5

Parameter value: 0,00 min scale max scale

Indicator value 5,00 1,25 0

Climate Change 1 5

Parameter value: 197,0 min scale max scale

Indicator value 1,72 300 0 gCO2/pkm
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For the calculation, it was considered the share of energy from renewable sources in gross electricity 

consumption 2018 (%) according to the countries of the pilot tests (The Federal Council 2019; Eurostat 

2020) (refer to appendix D). 

Scale: 

1 = 0% 

5 = 100% 

Calculation: 

 

Obs: Example of Groupama Stadium (Lyon) 

Sources: Eurostat (2020),  The Federal Council (2019), European Environment Agency (2016), Litman 

(2019). 

3.1.7 Noise pollution 
Definition: noise emission by the mode of transport. 

Parameter: vehicle noise in Decibels (dB) at 15km/h.  

Methodology: Considering the uncertainty and variations among noise emissions studies, we describe 

here in more detail the noise measurement for this indicator. 

“The noise from vehicles comes mainly from two different sources, the propulsion and the contact 

between the tyres and the road. The tyre/road noise increases more with increasing speed than 

the propulsion noise, and therefore the tyre/road noise dominates the propulsion noise at high 

speeds.” (Marbjerg 2013). 

Hence, the difference in noise emissions between BEVs and ICEVs strongly depends on the vehicle speed 

(European Environment Agency 2018). 

A study from Jochem et al. (2016) pointed that taking into account the background noise and traffic 

density, EV does not differ from ICEV in the usual traffic, except for urban traffic during the night at low-

speed areas. Moreover, the extent of noise reduction will also depend strongly on the proportion of BEVs 

in the vehicle fleet (EEA, 2018). 

To simplify the measurement for noise emission, the study from Marbjerg (2013), ‘Noise from electric 

vehicles - A literature survey’, provided the basis for comparing the noise emissions from different modes 

of transport (ICE, hybrid and electric vehicles) at different speed levels.  

Considering that the automated shuttle drives at an average speed of 11-15km/h in areas with a speed 

limit of 30km/h, the noise difference reported for different vehicles were considered at 30km/h 

(Dudenhöffer, Hause 2012; Lelong and Michelet 2001; Marbjerg 2013; Cai 2012). The noise emission for 

the automated shuttle was considered similar for a BEV, as 58 decibels in constant speed at 30km/h. 

Scale: 

1 ≥ 75dB  

5 = 0 dB 

Calculation: 

 

Sources: European Environment Agency (2018), Marbjerg (2013), Jochem et al. (2016), Cai (2012), 

Dudenhöffer, Hause (2012), Lelong and Michelet (2001). 

Renewable energy 1 5

Parameter value: 21,2 min scale max scale

Indicator value 1,06 0 100 % renewable energy

Noise pollution 1 5

Parameter value: 50 min scale max scale

Indicator value 2,33 75 0 Decibels
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3.1.8 Air pollution 
Definition: air-polluting emissions by the modes of transport in the use phase. 

Parameter: air pollutant emissions, particular matter, PM2,5 (g/km), and nitrogen oxides, NOx (g/km), from 

exhaust and non-exhaust.  

Methodology:  

Particulate matter (PM) and nitrogen oxides (NOx) are the main transport air pollutant emissions along 

with carbon monoxide (CO), non-methane volatile organic compounds (NMVOCs) and sulphur oxides 

(SOx). The emissions from road transport are mainly exhaust emissions arising from fuel combustion, and 

non-exhaust releases contribute to NMVOCs (from fuel evaporation) and 

primary PM due to tyre- and brake-wear and road abrasion (European Environment Agency 2019). 

Further, transport is responsible for more than half of all NOx emissions (ibid). 

The automated shuttle is a BEV, and during the use phase, BEVs have zero exhaust emissions, e.g. NOx 

and PM (European Environment Agency 2018). However, BEVs emit PM locally from road, tyre and brake 

wear, like other motor vehicles (European Environment Agency 2018). And it is important to mention that 

air pollutant emissions from BEVs occur for the electricity generation to charge BEV batteries. 

Nonetheless, the emissions from power stations tend to occur in less densely populated areas, provoking 

less human exposure to air pollution than in urban areas (ibid). At the same time, the local emissions from 

combustion engine vehicles in cities provokes greater human exposure and potential health harm. 

Considering this factor, we limited the impact measurement for air pollutant emissions to the use phase 

and local area. And we considered the assumption that the automated shuttle present similar air pollutant 

emissions as an electric car. 

Values from PM2,5 (g/km) from exhaust and non-exhaust and NOx (g/km) by mode of transport are 

provided by the excel tool ‘Air pollutant emissions indicator’ on Sustainable Urban Mobility Indicators 

(SUMI) (European Commission 2020b). (Appendix B) 

Scale: 

PM2,5    

1 ≥ 0,005  PM2,5 g/km 

5 = 0  PM2,5 g/km 

 

NOx 

1 ≥ 0,08 NOx g/km 

5 = 0 NOx g/km 

 

PM2,5   Non exhaust  

1 ≥ 0,0474  PM2,5 g/km 

5 = 0  PM2,5  g/km 

The Euro 6 standards for light-duty (cars, vans) were considered to establish the maximum values in the 

scale (European Commission 2020a). The emission limits are presented in Table 19. 
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Table 2: The light-duty Euro 5 and Euro 6 vehicle emission standards (g/km) 

 

Source: Williams and Minjares (2016) 

Calculation: 

 

Sources: European Environment Agency (2018), Jochem et al. (2016),  (European Commission 2020a), 

European Commission (2020b), European Environment Agency (2019). 

3.1.9 Energy Efficiency 
Definition: energy consumption (kWh) by the EASB shuttle per passenger-km 

Parameter: kWh/pkm 

kWh =  kilowatt-hour 

pkm = passenger kilometres, a metric of transport activity: when a single passenger travels a single 

kilometre, the result is 1 pkm of travel. 

Methodology:  the LCA study (section 2) provided the energy consumption of 0,52kWh/km for the EASB.  

The scale was developed based on values the methodology for 'energy efficiency' indicator from the World 

Business Council for Sustainable Development (WBCSD, 2015), which also considered the energy use by 

urban transport per passenger-km. 

Scale:  

1 = ≥ 0,97  kWh/pkm 

5 =    0,14    kWh/pkm 

Calculation: 

 

Obs: Example of Pfaffenthal (Luxembourg) 

Air pollution

Indicator value 4,60

PM 2,5 1 5

Parameter value: 0,00 min scale max scale

Indicator value 5,00 0,005 0 PM 2,5 g/km

NOx 1 5

Parameter value: 0,00 min scale max scale

Indicator value 5,00 0,08 0 NOx g/km

Non exhaust 1 5

Parameter value: 0,01 min scale max scale

Indicator value 3,79 0,0474 0 Non exhaust PM2,5 g/km

Energy efficiency

Parameter value: 0,18 min scale max scale

Indicator value 4,74 0,97 0,14 KWh/pkm
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Sources: Huber et al. (2019), WBCSD (2015). 

3.1.10 Economic profitability 
Definition: the ability of the transport operator to generate profits (more revenues than costs) through 

its operations. 

Parameter: costs (Euro)/passenger-km for operators 

Methodology: the Total cost of ownership tool (EASI-AV©) for the automated shuttles was developed by 

Antonialli, Mira-Bonnardel and Bulteau (2021) within the D8.4 Second Iteration Economic impact 

(Antonialli et al. 2021). The study calculated the TCO of the four demonstrator cities (refer to appendix 

C). 

Scale: the scale range considers the costs (Euro)/ passenger-km for bus, minibus, car and van according 

to the study from  (Bösch et al. 2018). In addition, the costs estimations for fully autonomous vehicles in 

a ride-sharing scheme for Germany (Friedrich and Hartl 2016) and Netherlands (Hazan et al. 2016). 

1= 0,15 euro pkm   

5= 1,25 euros pkm (approximation from the costs of a driver operated taxi) 

Calculation: 

 

Obs: Example of Groupama (Lyon) 

Sources: Bösch et al. (2018),  Antonialli, Mira-Bonnardel and Bulteau (2021) within the D8.4 Second 

Iteration Economic impact (Antonialli et al. 2021), Friedrich and Hartl (2016), Hazan et al. (2016). 

3.1.11 Technical performance of the vehicle 
Definition: technological maturity and performance of the automated minibus assessed by average 

speed, frequency or response speed for on-demand, average occupancy (very important in terms of 

environmental performance and efficiency), and kilometres driven autonomously. 

Parameter: i) average speed in km/h; ii) frequency or response speed in minutes of waiting time, iii) 

average occupancy as the average number of passengers on board at any given time and any place 

within a trip and iv) the percentage of kilometres driven autonomously. 

Methodology: average of performance for the four variables described below. 

Scale: the following scales for assessment were established: 

i) Speed 

1= 6km/h  

5= 25km/h  (25km/h is the current maximum operating speed of the minibus. In addition, they are 

running in areas of about 30km/h) 

ii) Frequency 
1= 5 minutes  
5= 40 minutes (It takes into account that in some areas the minibus complement bus services running 
every 30 minutes, also in order to be competitive with on-demand services a minimum of 5 minutes is 
settled in comparison with taxis services, with an average of waiting time of 4:32minutes (Bischoff et 
al.).  

iii) Average occupancy  

1=  1  

5≥ 6 passengers  

Economic profitability 1 5

Parameter value: 0,74 min scale max scale

Indicator value 2,32 1,25 0,15
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iv) Km driven autonomously 

1= 60%  

5= 100%  

Calculation: 

 

Obs: Example of Pfaffenthal (Luxembourg) 

3.1.12 System integration 
Definition: Integration of various modes of transport offered by different mobility providers in one 

platform that allows the planning, reservation, booking, billing, and ticketing. 

Parameter: five levels of MaaS integration suggested by (Sochor et al. 2018). 

Methodology: categorical scale based on the MaaS levels conceptualised by Sochor et al. (2018)  

Scale:  1) No integration - single, separate services 

             2) Integration of information - multi-modal travel planner, price info 

             3) Integration of booking & payment - single trip, find, book and pay 

             4) Integration of the service offer - bundling/subscription, contracts, etc. 

             5) Integration of societal goals - policies, incentives, etc. 

Calculation: 

 

Obs: Example of Contern (Luxembourg) 

Source: Sochor et al. (2018) 

3.1.13 Potential induced demand 
Definition: potential increase of vehicle kilometres travelled in the transportation system due to the 

offer of new mobility services by the automated minibus.  

Parameter: percentage of motorised modes of transport – car and buses – that the automated 

minibuses are replacing based on the reference modal share. 

Methodology: Gorham (2009) describes four characteristics of induced travel: 

i) Induced travel at the metropolitan level is concerned with travel as a whole, not trip-making 

per se; 

Technical performance

Parameter value: 3,1

Indicator value 3,14

Speed 1 5

Parameter value: 17 min scale max scale

Indicator value 2,89 6 25 km/h

Frequency or response speed for on-demand 1 5

Parameter value: 15 min scale max scale

Indicator value 3,57 40 5 minutes

Average occupancy rate 1 5

Parameter value: 2,84 min scale max scale

Indicator value 1,84 1 6 passengers on board

Km driven autonomously 1 5

Parameter value: 94 min scale max scale

Indicator value 4,25 60 100 % km drive autonomously

System integration

Mobility Integration 1 5

Parameter value: 1 min scale max scale

Indicator value 1,00 1 5
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ii) The concept of induced travel applies to the entire transportation sector, not just to one 

mode; 

iii) Induced travel is not the only source of growth in the demand for travel. 

Besides induced travel due to improvements in transportation conditions (e.g. better 

infrastructure, roads, better technologies), it can also occur due to “natural demand growth” 

due to changes in population, employment, income, socio-demographics for instance; 

iv) Induced travel can only be understood with reference to a hypothetical “base” case or 

counterfactual. 

The measurement of induced demand triggered by the integration of the automated minibus is complex, 

and for this study, it presents significant limitations due to the small scale of the tests, therefore, not 

representing meaningful mobility impacts. In addition, there is not available accurate data on the mobility 

behaviour on the local scale of the pilot sites. Therefore, the assessment is simplified to the potential risks 

of induced vehicle travelled caused by the automated minibuses according to the means of mobility that 

they have replaced. The data is provided by the AVENUE users’ survey. 

Scale: 

1= 0%   replacement of individual cars or buses 

5= 100% replacement of individual cars or buses 

Calculation: 

 

Obs: Example of Nordhavn (Copenhagen) 

3.2 Results  
The indicators were applied for the sustainability assessment of five different demonstrator sites. The 

description of the sites and respective mobility radar are presented hereinafter. The indicators present a 

value from 1 to 5 – with 1 for the worst performance and 5 for the best performance – therefore, the 

outside part of the radars represent the optimal results. 

It is worth noting that the data availability varies from site to site. For instance, the ‘user satisfaction’ and 

‘risk of induced demand’ are so far available just for Nordhavn. Moreover, data for the assessment were 

not available for Meyrin and Belle Idée, the demonstrator sites deployed in Geneva. As next steps on the 

sustainability assessment, more data will be collected from the sites and a comparison will be presented 

based on the final results. Table 3 summarises the main information on the pilot sites. 

 

Table 3. Description of the demonstrator sites 

City Pilot Characteristics of route  Type of passenger Deployment 

Lyon 
Groupama 

Stadium 

Fixed route with stops 1.3 km.  

Will become an on-demand, 

door-to-station service 

regular workers, people 

with reduced mobility 

(medical centre nearby) 

November 2019 - April 

2022 

Copenhagen Nordhavn 

Fixed route with stops, 1,2km, 

will become an on-demand, 

door-to-door service 

Residents of the area, 

tourists 

September 2020– 

April 2022 

Oslo Ormøya  Fixed route with stops, 1,6 km, Residents of the area 
December 2019 – April 

2022 

Reduction of risk of induced demand 1 5

Parameter value: 27 min scale max scale

Indicator value 1,36 0 100
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Luxembourg 

Contern 
Fixed route with stops, on-

demand. 2.2 km  

Employees working at 

Campus Contern 

September 2018 - April 

2022 

 

Pfaffenthal 
Fixed route with stops, on-

demand 1.2 km  

Workers, tourists, 

residents, and visitors of 

Luxembourg city 

September 2018 - April 

2022 

 

 

3.2.1 Groupama Stadium (Lyon) 

Groupama Stadium, also known as Parc Olympique Lyonnais is a football stadium. The area is a high traffic 

district, and it attracts visitors going to the football games, people working in offices, medical centre, 

leisure centre, hotels, and restaurants. 

To access the Groupama Stadium by public transport, the area is served by the Tramway 3 line and a bus 

every 30 minutes to connect the area. The automated minibuses route is parallel to the bus line, and the 

service is complementary to the bus (Zuttre 2019). The automated minibuses route comprises crossroads 

and roundabout with the vehicle to infrastructure (V2I) intersections (Zuttre 2019). For the near future, it 

is envisaged on-demand and door-to-door services in Parc Olympique Lyonnais. 

 
Figure 4. Mobility Radar for Groupama Stadium 

In general, the environmental indicators such as low contribution to climate change and energy efficiency 

score low mainly due to the low passenger occupancy. This occurs in Groupama site as well as in other 

pilot sites. The user acceptance in Lyon scores medium, reflecting the willingness to use the automated 

minibuses (2,76) and the willingness to pay (2,59) for most of the respondents is equivalent to the public 

transport fee for the automated minibuses services. The technical performance is affected by the low 

speed (10km/h) and low occupancy. Other aspects are discussed in the next section, 3.3.  
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3.2.2 Pfaffenthal (Luxembourg) 

Pfaffenthal is a residential area located in a valley between the historical centre of Luxembourg City and 

Kirchberg, the business district of Luxembourg City. During the peak hours, work commuters move 

through Pfaffenthal, and along the day, local residents and a vast number of tourists (Reisch 2019). The 

automated minibuses route in Pfaffenthal connects the public elevator, which provides access to the city 

centre, a multi-modal station and the residential area (Reisch 2019). Figure 5 illustrates the mobility radar 

for Pfaffenthal. 

 

 
Figure 5. Mobility Radar for Pfaffenthal 

Among all the sites, Pfaffenthal scores the highest in technical performance, with 17km/h speed, 94% of 

km driven autonomously, and average occupancy of 3 passengers. The higher vehicle occupancy also 

reflects a better energy efficiency (in terms of kWh/passenger-kilometre). Additional aspects are 

commented on in section 3.3. 

3.2.3 Contern (Luxembourg) 

Contern is an industrial zone with different companies located around 10 km east of Luxembourg city. The 

traffic in Contern consists of industrial vehicles, as trucks and individual cars (Reisch 2019). A railway 

station and a bus are located on the border of the industrial zone of Contern; however, the area is not 

served by public transport. Thus, the companies employees use mainly private cars to commute to work 

and to move inside this area (Reisch 2019). The route of the automated minibuses connects the public 

transport to the industrial zone. Figure 6 shows the mobility radar for Contern. 
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Figure 6. Mobility Radar for Contern 

3.2.4 Nordhavn (Copenhagen) 

Nordhavn is an active industrial port, which is expected to be Copenhagen’s new international waterfront 

district, with residential and commercial buildings (Guldmann et al. 2019). The area hosts eco-friendly 

initiatives as the use of renewable energy, recycling of resources (Guldmann et al. 2019). 

Nordhavn area is served by a tram station about 1km away, and bus stops located near the train station; 

however, there are no buses or trains running directly in the area, which creates an opportunity for 

automated minibuses services to connect the area. Figure 7 presents the mobility radar for Nordhavn. 

 

 
Figure 7. Mobility Radar for Nordhavn 

Interesting points from Nordhavn site concern the user acceptance; it scores good, with a high willingness 

to use the automated minibuses (3,94) and high safety and security feeling (4,09 and 4,43). The user 
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satisfaction is also high (3,96) regarding the speed, comfort, punctuality, information and general 

satisfaction with the ride. An important point assessed concern the ‘risk of induced demand’, the user 

surveys pointed that currently, the automated minibuses have been replacing high percentages of walking 

and cycling (17% and 45%, respectively). In parts, this can be explained due to the vehicles’ low speed. 

However, in the future, the goal is the replacement of other motorised modes of transport and to foster 

mobility intermodality by deploying automated minibuses. In addition, the technical performance of the 

vehicle is affected by the low vehicle speed (8km/h). 

3.2.5 Ormøya (Norway) 
Ormøya is an island situated in the south of Oslo city. It is connected by a bridge to the mainland, and 

another bridge connects Ormøya to a second island called Malmøya. 

The automated minibuses services are offered for the residents of the area in order to increase the 

frequency of public transport, aiming to reduce the need for the use of private cars (Zinckernagel 2021). 

The service complements the buses schedule, with departures every hour. The automated minibuses 

service provides a high frequency of first and last mile solution for the residents of Ormøya and Malmøya, 

which connected them to the express service on Mosseveien/E18 (Zinckernagel 2021). Figure 8 shows the 

mobility radar for Ormoya. 

 

 
Figure 8. Mobility Radar for Ormoya 

3.3 Discussion and concluding remarks 
The preliminary results from the sustainability assessment reveal strong and weak points of the 

deployment of the automated minibuses. Some common results among the sites pointed that: 

- the automated minibuses score poorly on ‘energy efficiency’ and ‘low contribution to climate 

change’ due to the low vehicle occupancy. With the exception of Pfaffenthal (Luxembourg), all 

sites presented very low occupancy. This result can be an indication of low demand for the offered 

mobility services. However, we should be cautious in this conclusion due to the unknown impacts 

of the Covid-19 restrictions. In addition, the energy efficiency could also be affected negatively in 
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case the automated minibuses were equipped with more hardwares and technical features, such 

as sensors, cameras, Lidars and communications.  

- as electric vehicles, automated minibuses seem to be a good alternative to tackle ‘local air 

pollution’. However, they are not a significant solution to tackle ‘local noise pollution’, as their 

noise level does not differ that much from other motorised modes of transport from 30km/h 

speed. It considers that the background noise and traffic density, EV does not differ from ICEV in 

the usual traffic, except for urban traffic during the night at low-speed areas (Jochem et al., 2016) 

- the safety indicator for automated minibuses scores high; however, be cautious, as the safety 

indicator used in this study is simplified by accounting for the number of fatalities per billion 

passenger-km per mode of transport. So, since no severe injuries, neither fatalities occurred 

internally or externally the automated minibuses, the safety factor scores high. In addition, 

metrics and methods for assessing the safety performance of the automated driving system (ADS) 

are being developed by the Society of Automotive Engineers (SAE). For instance, safety outcomes 

can be measured by the crash severity and frequency, or by predictive metrics, as the safety 

envelope maintenance, vehicle motion control (SAE 2021). According to data availability, these 

metrics could be embedded in our assessment. 

- as temporary pilot trials, the automated minibuses present low system integration. Nonetheless, 

they present a high potential in the near future to have information, booking and payment 

integration within the public transport services, considering that in most of the cases, they are 

deployed already by public transport operators. 

- Concerning the technical performance elements (speed, frequency, occupancy rate, and km 

driven autonomously): all sites struggle with low speed and low occupancy rates. The percentage 

of fully automated driven kilometres is 80 to 94%. The manual interventions that took place were 

mainly caused by wrongly parking cars and trucks. 

The main points that differ among the sites: 

- the use of renewable energy for the use phase varies significantly according to the electricity mix 

of each region or country. In this case, Ormoya in Norway has the best score and Contern and 

Pfaffenthal in Luxembourg the lowest. 

- passenger’s affordability   

- overall, the economic profitability is still low due to the elevated costs with feasibility studies and 

legal authorisations; infrastructure works; high annual depreciation and salaries for on-board 

safety drivers impact as detailed on the second iteration economic Impact assessment (Antonialli 

et al. 2021) 

Concerning the indicators on user acceptance and user satisfaction, data were available for Groupama 

and Nordhavn sites. The results point that the willingness to use and pay for the automated minibus 

service is higher in Nordhavn site (Copenhagen) than in Groupama site (Lyon).  

The indicator on ‘reduction of risk of induced demand’ scored low in Nordhavn; this is explained by the 

users’ survey, which shows that the automated minibuses have been replacing walking and cycling (17% 

and 45% respectively). In parts, this can be explained due to the vehicles’ low speed. 

All in all, the indicators reflect an incipient phase of deployment and development of the technology. In 

the short-term, key factors for improvement are: 

i) the minibuses’ occupancy, a key factor to foster environmentally-friendly mobility. The 

automated minibuses should be deployed to cover real mobility gaps and to provide rides 

with great potential to replace private cars. These factors are crucial to guarantee higher 

occupancy and reduction of the risks of induced demand and increase in vehicle kilometres 

travelled.  
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ii) better mobility services integration, as the integration of information, booking & payment 

iii) offer of permanent lines/services, on-demand services and higher speed as a factor to 

improve flexibility and reduce travel time 

iv) monitoring and planning the deployment in order to replace more cars and buses trips. 

In the medium and long term, the economic profitability to deploy the automated minibuses should 

become more attractive by the development of a legal framework and lower costs with feasibilities 

studies, authorisations, and exemption of safety drivers. 

For the next steps, more indicators will be developed, and more data will be collected in AVENUE test 

sites. In this regard, the indicators are a tool to measure and monitor the progress and achievement of 

sustainable mobility planning and goals. To this end, Figure 9 presents the AVENUE pilot sites current 

average performance, and it set goals for the near future (next 3 to 5 years 

As next steps, the mobility radar will also include the scenarios assessment described in section 2.2.3, e.g. 

the integration of AM in ITS as the best case and robotaxi as worst case scenarios. It may also include a 

validation of the goals of the cities (see figure 9) in comparison to the worst and best case is aimed.  

 

 
Figure 9. AVENUE pilot sites performance and goals for the near future  

 

Concerning the SUMP concept, it is worth noting that automated vehicles and minibuses per se will not 

be sustainable, but rather their mode of deployment is very important, and factors such as shared 

mobility, ride-matching capacity and efficiency, system integration and means of transport it will replace 

proper policies and regulations. The automated minibuses should be integrated into urban public 

transport or within MaaS perspective and fundamentally aligned with the city’s goals, planning and 

strategies for sustainable mobility. Also significant is to keep an integrated vision on the mobility system. 

And as highlighted by SUMP approach, to develop all modes of transport in an integrated manner. Thus, 

the automated minibuses are a piece within the mobility ecosystem that could support intermodality, 

MaaS, mobility hubs and the use of soft modes of transport. 

Concerning SUMP principles, the deployment of this new mode of transport and new mobility 

technologies require more than ever long-term vision and planning, development of all transport modes 

in an integrated manner, cooperation across institutions, stakeholders and citizens’ participation, 

performance assessment and monitoring towards established sustainability goals. 
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Therefore, SUMP principles and four steps guidelines are a valuable tool for planning and implementing 

automated minibuses aiming at people’s mobility needs and better quality of life. Afterwards, chapter 5 

presents the research outlook for the final sustainability iteration. 

 

3.4 Limitations 
The application of the set of indicators for sustainability assessment of the automated minibuses and sites 

of deployment presents certain limitations. The constraints are associated with the incipient phase and 

small scale of the tests, temporary services, technology maturity, and lack of regulatory and homologation 

framework. 

These limitations reduce the performance and usability of the shuttle. In addition, the demonstrator sites 

are facing constraints due to Covid 19 pandemic (more details refer to section 4.2). Hence, tests have been 

facing interruptions, and some sites have limited the maximum numbers of passengers to four, a factor 

that influences the performance of the environmental indicators negatively, for instance. 

In addition, data collection for the WP8 impact assessment has been impacted as a whole. Hence, data 

availability and data asymmetry among the demonstrator sites pose also some limitations for the 

sustainability assessment. Also, other proposed indicators are planned to be developed and measured by 

the end of the project. 
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 The COVID-19 impacts  

4.1 The impacts of COVID-19 on mobility 
In March 2020, COVID-19 was characterized as a pandemic by the World Health Organization (WHO) 

(World Health Organization 2021). The pandemic has led to many restrictions that are noticeable in 

different areas of life. This also includes the mobility sector. According to Heineke et al. (2020) the number 

of travelled passenger kilometres decreased worldwide by 50 to 60 per cent since the beginning of the 

crisis. To give an insight into changes in mobility behaviour, different examples will be presented. This 

comprises analyses from four European cities/regions: Budapest (Hungary), Stockholm (Region) (Sweden), 

Santander (Spain) and Gdańsk (Poland). 

In March 2020, several mobility restrictions were implemented in Budapest, resulting in a 57 % decrease 

in mobility in the second half of this month, according to a middle estimate. The reduction varies for 

different modes of transport. The highest decrease in demand can be seen in public transport with around 

80% (Bucsky 2020).  

The analysis for Stockholm (Region) covers the period from February 2020 to the end of May 2020. In 

contrast to other countries, Sweden’s strategy has been built mostly on recommendations instead of 

mandatory measures. The results show that in Stockholm (Region), the public ridership for commuter 

trains and the metro was reduced by around 60 % as of mid of March 2020. As a reference, the same 

period in 2019 was considered (Jenelius and Cebecauer 2020).  

A study by Aloi et al. (2020) from the city Santander in Spain shows the drop of mobility starting with 

restrictions on mobility in mid of March 2020. The result estimates that the overall mobility has been 

decreased by 76 % while there are variations depending on daytime. The decrease varies as well 

depending on the means of transport. Travelling by bus is reduced by 93 % while the drop of car travel is 

about 68 %. The modal share changed, with an increase of private transport from 48 % to 77 %, while the 

share of public transport decreased from 8 % to 2 %. Likewise, the share of pedestrian journeys fell from 

42 % to 19 %. The analysis also shows that the number of traffic accidents dropped clearly (Aloi et al. 

2020).  

For the city Gdańsk in Poland, a diagnostic survey method was used to analyse the impact of the pandemic 

on mobility behaviours (Przybylowski et al. 2021). The focus was on public transport users and on factors 

that have an influence on the users’ feeling of safety and comfort during public transportation. The 

collected responses from May and June 2020 show that only 9 % of the respondents did not reduce the 

use of public transport, where 44 % reduced the use of public transport. The remaining 47 % declared not 

to use public transport. Reasons for reduction include the elimination of the need to travel due to home-

office requirements, as well as the fear of COVID-19. However, 74 % of the respondents are open and 

willing to return to public transport after stabilisation of the COVID-19 situation (Przybylowski et al. 2021). 

McKinsey & Company (Heineke et al. 2020) analysed what the main concerns are in the choice of shared 

micromobility. In comparison to the time before the COVID-19 pandemic for the respondents, the risk of 

infection became the top concern for commuting and business trips as well as personal trips (Heineke et 

al. 2020). 

In Germany, a comparison of modal split before (end of February 2020) and during the crisis (end of March 

2020) shows a decrease in the daily travel distance of 47 % (Mobility Institute Berlin, 2020). This reduction 

was severe for public transport and long-distance train. Other transportation means, such as cycling (from 

2 % to 6 %), walking (from 5 % to 8 %) and using the car (63 % to 69 %), have increased (Mobility Institute 
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Berlin 2020). This trend in Germany can’t be seen everywhere. For example, in Budapest, both cycling and 

pedestrian traffic are declined (Bucsky 2020). Nevertheless, a trend towards more cycle paths can be 

recognized. Citywide policies in Milan, Paris and Brussels plan to turn some kilometres of car lanes into 

cycle lanes (Heineke et al. 2020). 

 

4.2 The impact of COVID-19 for the deployment of 

automated minibuses  
The COVID-19 pandemic is a major challenge for the mobility sector and especially for public transport. 

Social distancing, hygienic regulations and the fear or risk of infection have an influence on the use of 

public transport. As the automated minibuses are intended to supplement the public transport offer, the 

described impacts apply to them as well. The COVID-19 pandemic also had severe impacts on the AVENUE 

project. The sites had trials interruptions from March 2020 to May 2020 and October 2020 to May 2021. 

In some sites as Nordhavn and Ormoya, the passengers’ capacity was limited to a maximum of 5 people. 

The use of protective masks is a requirement, and a low demand for automated minibuses services was 

registered in the year of 2020. 

More details about changes in mobility behaviour are provided by the user survey in Nordhavn 

(Copenhagen), applied to the users of the automated minibuses from August to December 2020. As 

illustrated in Figure 10, 53% of the respondents stated that COVID-19 did not influence their mobility 

behaviour, whereas 29% stated that they altered their transport habits, implying a longer perspective, and 

12% stated changes within a short-term perspective. Regarding the type of changes, 81% of the 

respondents stated that they use less public transport; 11% indicate other changes.  

 

 
Figure 10. Effects of the COVID 19 pandemic on mobility behaviour (n=58) 

 

Since the start of the COVID-19 pandemic in spring 2020 there is progress in the pandemic response, e.g. 

through the availability of Rapid Antigen Tests and through the increasing availability of vaccines. These 

tools can be used to enhance the attractiveness of automated minibuses again, especially in comparison 

with other means of public transport as trams or normal size buses. One idea would be to include an 

electronic query into the app while ordering the minibus. With this function, it could be requested and 

3,4

12,1

29,353,4

1,7

Did the COVID-19 pandemic influence your transport behaviour? 

Yes, it did, but it has
returned to normal

Yes, it did, and is still altered,
but will return to normal
soon

Yes, it did, and is still altered,
and will remain altered for a
longer time

No
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controlled that only vaccinated persons or people with a current negative Rapid Antigen Test result could 

book a ride. Another model for using automated minibuses would be to transport within one minibus only 

groups of people who are in contact with each other. An example is to transport only students within one 

minibus to a school or university who will sit in a classroom together or use the minibus as a shuttle for 

employees who work together in one office. These suggestions are only possible and attractive due to the 

concept and size of an automated minibus by the AVENUE project, and therefore this concept has benefits 

compared to some other means of public transport. 

These opportunities, where the minibus can be used as a concept adapted to the needs of potential 

customers, can still be seen as a business case in the time after the pandemic. The study in Gdańsk shows 

that 74 % of the respondents are open and willing to return to public transport after the stabilisation of 

the COVID-19 situation (Przybylowski et al. 2021). This means that an increase in the usage rates of the 

automated minibuses can be expected again, and with the described concepts that are adapted to the 

needs of passengers, even additional potential passenger groups can be found. 
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 Outlook and conclusions 

5.1 Sustainability assessment of future mobility 

systems 

In this deliverable, we presented the intermediate results of the sustainable mobility indicators. The final 

assessment will be presented in the final AVENUE sustainability assessment, due in April 2022. Several 

actions are required to finalize the assessment, such as the development of remaining indicators, more 

data collection and more accurate analysis per pilot site. The final assessment will highlight the current 

strengths and weaknesses of the automated minibuses performance considering the mobility multi-

dimensions.  

As a second tier of the sustainability assessment, we will assess the sustainability impacts of possible 

deployment scenarios. For this assessment, the method of scenario planning helps outline deployment 

strategies of the automated minibuses in the future. The avoidance costs (externalities savings or costs 

from introducing the minibuses) provide insights on the recommended strategy to adopt to reduce the 

environmental deterioration of the transport system and promote sustainable mobility. Accordingly, 

internalization policies and TDM measures could be implemented in line with the SUMP guidelines. 

The results from indicators assessing the current performance of deployment of automated minibuses 

coupled to the externalities scenarios studies are seen as complementary, and they will underpin 

recommendations following SUMP concept and guidelines aiming at strategies and planning sustainable 

urban mobility with automated shuttles. It will also provide the basis for the WP9 focused on 

recommendations for policies and regulations. 

As a first step, we include a summary of the scenario to be analysed on the city level in appendix E. The 

scenarios presented here rely on a literature review, a deliberative process within the AVENUE team, and 

representative surveys. As a second step, we will account for the scenario on the pilot level. 

The scenarios follow the Intuitive logic approach. It analyses external factors external (economic, political, 

environmental, technological, and social) that could affect business decisions within private companies. 

Here, it will be used to determine potential deployment strategies. Part of this method is to determine 

the driving forces and key factors. Driving forces are critical to defining the deployment efforts, while key 

factors present general trends of AM introduction. 

We fixed the key factors (uncertainties) as follow: 

1. whether the automated minibuses are introduced to compete or complement public transport  

2. whether the automated minibuses are replacing only one modal share or multiple modal shares 

The driving forces are defined as follows: 

 Technology advancement; 

 urban policy (political agenda for mobility and sustainability);  

 transportation offer (use and modes available); 

 the users. 
 
The scenarios are going to be assessed qualitatively, based on the literature review and the observations 
from the stakeholders, on 2 levels. First, we use the intuitive logic method as described earlier. Second, 
we try to determine the potential consequences (direct and long-term) of the deployment strategy in each 
scenario. We focus on the impact on the transportation system (on the other modes of transportation and 
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consequent modal shifts, on the mobility demand -overall Vkm) and the impact on the infrastructure. This 
qualitative analysis is supported by the externalities calculations. 
Furthermore two scenarios specifically are the backbone for the WP9. The first scenario focuses on the 
automated minibuses in an integrated transport system and MaaS, it is called AM in ITS. The second 
provides a reference point as it considers the potential effect of robotaxis as a car-sharing fleet on mobility 
as well as cities (in form of externalities mostly). 
These two scenarios could show contrasting results in term of impact on emissions, energy consumption, 
congestion, and induced demand. The analysis will prove valuable for cities to opt for which deployment 
strategy based on their context and the environmental and social goals they desire to achieve. 
 

5.2 Building the strategies and recommendations 

for the integration of the automated minibuses in 

urban mobility 
The outcomes from the sustainability assessment will provide the building blocks for the WP9 to formulate 

strategies, recommendations and roadmaps for a beneficial integration of the automated minibuses in 

urban mobility. A beneficial integration is understood by - a customer and citizen-centric approach, 

engendering positive externalities for the cities, boosting innovation and cooperation among mobility 

providers and mobility stakeholders - aiming at offering more efficient and flexible mobility within 

Mobility-as-a-Service perspective.  

MaaS entails the integration of public and private mobility options through a single interface to offer 

passengers a multi and intermodal trip (Sochor et al. 2018; Kamargianni et al. 2015). The single interface 

plays an important role to integrate mobility information, booking, payment, ticketing and the real-time 

status. However, the challenge to offer a full MaaS concerns the standardization of data and interfaces 

among the different transport operators (Bestmile 2020). 

In this regard, the so-called Application Programming Interfaces (APIs) enable authorized applications to 

communicate, use one another’s functions, and exploit data sets provided by other applications or 

databases (Matthes and Bondel). On the one hand, the APIs are considered the ‘connective tissue of the 

cloud’, they are essential to integrate the transport system; on the other hand, the urban mobility 

ecosystems is very fragmented (Bestmile 2020).  

Regarding this barrier, some initiatives envision setting standards of open APIs to enable mobility 

providers to integrate services. For instance, the projects MyCorridor, MaaS4EU and IMOVE foresee the 

use of a ‘common language’ to designing a transport service API, comprehending ‘the use of 

communication protocol and data format to security standards, basic methods and service calls, responses 

and general behaviour of an API’ (MaaS Aliance 2019). Another initiative, the Information Technology for 

Public Transport (ITxPT), focuses on open standards and procedures for integrated information and 

Intelligent Technology Systems (ITS) for public transport (Rogg 2021). Therefore, open interfaces, 

protocols and standards are key factors for MaaS. 

It is worth noting that the rise of open APIs is leading to new business models (Matthes and Bondel). The 

API economy changes the way organizations cooperate, fostering partnerships among mobility providers 

and other stakeholders to integrate functionalities, databases and interfaces (Matthes and Bondel). 

Therefore, open data and open API are prerequisites for AM interoperability,  intermodality and MaaS 

integration. Such topics and scenarios concerning the automated minibuses within intelligent 
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transportation systems (ITS) will be further discussed on WP9, as they will influence the integration of 

the AM on the mobility system and their compatibility with the intelligent transport system. 

5.3 Conclusions 
The sustainability impact assessment builds upon a comprehensive approach, embedding the social, 

environmental and economic inputs from WP8, as well as aspects from technical performance and 

mobility system integration. 

The applied set of indicators assess the current performance and impacts of the automated minibuses, 

which allows a comparison among the different sites and tracking over time the progress towards goals 

to achieve more sustainable mobility. The next steps include more data collection on the pilot sites and 

the measurement of other indicators according to data availability. The WP9 best and worst case scenarios 

will be integrated as well. 

It is worth noting that the small scale of deployment, the newness of the technology and Covid-19 

pandemic restrictions posed some limitations to the automated minibuses performance. Hence, the 

current performance of the automated minibuses does not fulfil all the premises for sustainable mobility. 

However, the automated minibuses prove to be feasible as new alternative mobility and with the potential 

to support cities to achieve sustainable mobility under certain conditions (e.g. vehicle usability and 

occupancy, policies and strategies for implementation, as open data and open API for interoperability, 

intermodality and overall connected mobility and mobility efficiency). In this regard, the final deliverable 

on sustainability assessment aims to provide recommendations to strengthen a more environmentally 

friendly deployment of the automated minibuses and more substantial alignment considering SUMP 

principles and guidelines. 

The perspectives are that the automated minibuses could be integrated into urban mobility to improve 

the transport network, cover mobility gaps, and foster intermodality by substituting motorised vehicles, 

offering on-demand and door-to-door services. Indeed, the automated minibuses could support the MaaS 

approach, electrification, shared mobility, and accordingly to the recommendations in our study. The 

suggested methodology can help to take better decision of the stakeholders (WP2), take advantage of AM 

integrated in a Maas or an ITS and  foster the acceptance, the sustainable agenda of cities, SUMP and last 

but not least the EU sustainable and smart mobility strategy.. 
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Appendix A:  
Representative survey – willingness to use the automated minibuses 

 

 

 

 

 

 

 

 

 

 

 

Representative survey - willingness to pay to use the automated minibuses 

 

 
 

Representatie survey – perception about the readiness of the technology 
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Appendix B  
User survey for Norhavn (Copenhagen) 

Question about the satisfaction woth the last ride 
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Appendix C 
Total Cost of Ownership of the AVENUE service 

 

 
Luxembourg 

(Sales-Lentz) 

Geneva* 

(TPG) 

Copenhagen/Oslo 

(Holo) 

Lyon 

(Keolis) 
AVERAGE 

 Pfaffenthal Contern Meyrin Nordhavn Ormøya Décines Avenue 

CAPEX               

Single shuttle 346.250,00 € 346.250,00 € 333.000,00 € 472.000,00 € 472.000,00 € 1.070.000,00 € 506.583,33 € 

Fleet total 626.950,00 € 346.250,00 € 333.000,00 € 472.000,00 € 772.000,00 € 1.420.000,00 € 661.700,00 € 

OPEX               

Single shuttle 81.033,48 € 81.033,48 € 184.860,00 € 191.000,00 € 189.975,97 € 166.622,00 € 149.087,49 € 

Fleet total 243.533,92 € 81.033,48 € 274.860,00 € 335.000,00 € 676.951,94 € 488.572,00 € 349.991,89 € 

KPIs**               

Cost 

passenger/km 
1,01 € 0,43 € 2,20 € 1,19 € 0,82 € 0,74 € 1,07 € 

Cost 

shuttle/km 
15,28 € 6,65 € 33,15 € 17,87 € 12,41 € 11,23 € 16,10 € 

* By being an on-demand site, values for the Belle Idée (Geneva) were not calculated yet. 

** Values comprise the Total Cost of Ownership considering the CAPEX, OPEX and Local externalities. 

Authors: Antonialli, Mira-Bonnardel, Bulteau (2021), based on D8.4 Second Iteration Economic impact 

(Antonialli et al. 2021). 
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Appendix D 

 
Source: Eurostat (2020) 
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Appendix E 
List of the AVENUE scenarios to be assessed qualitatively and with externalities 

calculations 

 

 

Description of selected city-level scenarios 
Scenario modal shifts  Description references 

1 – 

Replace 

all buses  

Replace standard 

buses in the city 

▪ Driving forces: 

1-Technological development: 

-  AM platooning, improved sensory capabilities V2X, level 5 

automation 

2-Urban policy:  

- high push for technology and smart cities initiatives, use of 

mobility innovations 

3-transport offer:  

- AM fare being cheap 

- limited introduction of electric buses  

-Buses are obsolete, no significant innovation in standard buses to 

improve their environmental effects, not connected to MaaS 

services 

- congestion in city centres deter people from using individual 

mobility, so bus riders will not use cars instead  

 4-User: bus riders 

▪ Consequences: 

  - mostly replacing monomodal trips by bus 

  - no effect on walking and biking 

(Coppola and Morisio 

2016; Bimbraw 2015; 

Leich and Bischoff 2019; 

Iclodean et al. 2020; 

Zawieska and Pieriegud 

2018; ITF 2017) 
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2 - 

Serves 

new 

areas 

Replace the car 

modal share in 

areas with no PT 

with AM in 

suburban and 

interurban areas in 

order to expand 

the PT network 

▪ Driving forces: 

1-Technological development:  

-  higher speeds, on-demand service, level 5/4 automation 

2-Urban policy 

-  increase access on a regional level,  

-  decrease reliance on individual vehicles,  

-  reduce urban development pressure in urban settlement’s by 

facilitating the commute in and outside of cities 

3- transport offer: 

- PT limited in suburban areas, reliance on cars 

4-User:  

- private car owners who are monomodal and travel for long 

distances (more than 5 km), mainly in suburban areas 

▪ Consequences: 

- No effect on walking or biking 

- Minibuses might travel with less capacity to provide comfort and 

save time for passengers (comparable to private cars) 

-  interurban areas become more attractive (urban sprawl) 

(Murray et al. 1998; 

Bernhart et al. 2018; 

Hinderer et al. 2018; 

González-González et al. 

2020; ITF 2017) 

 

 

(Beukers 2019) 

3 -  

targeted 

operatio

n of AM 

Replace the car 

share in areas with 

no PT with AM 

(scenario 2) and  

Replace nocturnal 

buses 

and empty 

running buses 

▪ Driving forces: 

1-Technological development:  

-  higher speeds, on-demand service, level 5/4 automation 

2-Urban policy 

-  increase access on a regional level,  

-  decrease reliance on individual vehicles,  

-  reduce urban development pressure in urban settlement’s by 

facilitating the commute in and outside of cities 

-  optimise PT, and reduce costs for public transport operators 

3- transport offer: 

-  PT limited in suburban areas, reliance on cars 

4-User:  

- private car owners who are monomodal and travel for long 

distances (more than 5 km), mainly in suburban areas (remote areas 

passengers) 

-  night time passengers 

▪ Consequences: 

- No effect on walking or biking 

- Minibuses might travel with less capacity to provide comfort and 

save time for passengers (comparable to private cars) 

-  urban sprawl 

(Murray et al. 1998; 

Bernhart et al. 2018; 

Hinderer et al. 2018; 

McCallum 2020; Krueger 

et al. 2016) 

 

(Beukers 2019) 

4 – AM 

in MaaS 

(AM as 

public 

transpo

rtation 

feeder 

in 

intermo

dal  

mobilit

-Based on survey,  

For now, we 

estimate the 

following: 

-Replace walking 

trips more than 

600 m in 

intermodal trips 

-Replace car and 

biking trips in 

intermodal trips 

▪ Driving forces: 

1-Technological development:  

-  MaaS platform, improved sensory capabilities V2X, level 5 

automation 

2-Urban policy 

-  Strategy to support public transport and increase connectivity 

-  increase accessibility and access,  

-  0-emission strategy in the city 

-  focus on Smart city initiatives and MaaS solutions 

-  limit access of cars to city centres (fuel and parking measures) 

-  Urban development focused on compact and walkable city 

3- transport offer: 

(Gebhardt et al. 2016; 

Giansoldati et al. 2020; 

Kagerbauer et al. 2015; 

Paydar et al. 2020; 

Tirachini 2015; Yap et al. 

2016; Bimbraw 2015; 

González-González et al. 

2020; Zawieska and 

Pieriegud 2018) 
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y) 

 

-Replace other less 

used modes of 

transport 

(motorcycles) 

 

-  emphasis on seamless travel 

-  environmental modes of transport are preferable 

-  strong public transport 

4-User:  

- Intermodal travellers (last and first mile passengers) 

▪ Consequences: 

- Replace some walking and biking 

-  Increase the attractiveness of cities (effects on real-estate pricing)  

5. 

replace 

all cars 

Replace cars in the 

city  

Driving forces:  

Technological development:  

- similar to scenario 1 

2-Urban policy 

-  similar to scenario 4 

-  no long-term plan or anticipation for the effect of eliminating 

individual motorised mobility 

3- transport offer: 

-  environmental modes of transport  are preferable 

-  public transport offer not strong enough to cover the demand for no 

cars in cities 

4-User:  

-   car drivers  

▪Consequences: 

-  better urban planning  

- better connectivity to city centres 

(Fournier et al. 2020; 

Duarte and Ratti 2018; 

Medina-Tapia and 

Robusté 2019; 

González-González et al. 

2020; ITF 2017) 
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